ABSTRACT This paper investigates the economic impact of health shocks on working-age adults in Vietnam during 2004-2008, using a fixed effects specification. Health shocks cover disability and morbidity and are measured by 'days unable to carry out regular activity', 'days in bed due to illness/injury', and 'hospitalization'. Overall, Vietnamese households are able to smooth total non-health expenditures in the short run in the face of a significant rise in out-of-pocket health expenditures. However, this is accomplished through vulnerability-enhancing mechanisms, especially in rural areas, including increased loans and asset sales and decreased education expenditures. Female-headed and rural households are found to be the least able to protect consumption. Results highlight the need to extend and deepen social protection and universal health coverage.
INTRODUCTION
Idiosyncratic shocks in low-income and middle-income countries (LMICs), especially health shocks, are both common and burdensome (Heltberg and Lund, 2009; Krishna, 2010; Santos et al., 2011; Wagstaff and Lindelow, 2014) . They may reduce income, because of lost hours of work, and increase health expenditures. In the absence of formal insurance mechanisms, the economic consequences of health shocks for the household can be dire. As many LMICs commit to achieving universal health coverage (Giedion et al., 2013) , understanding the impact of health shocks is critical to inform the desirability and design of social health protection programs.
Much of the empirical work on health shocks, and on income shocks in general, has focused on assessing if households can insure total consumption when shocks occur (e.g., Gertler and Gruber, 2002) . While early studies found that consumption was stable despite shocks (Townsend, 1994) , later studies have shown that consumption drops can be significant (e.g., Gertler and Gruber, 2002) , especially among certain subgroups such as people living in poverty (Morduch, 1995) .
At a theoretical level, Chetty and Looney (2006) show that consumption is not an adequate indicator for the need for social insurance, insofar as households may maintain consumption because of risk aversion. They may do so using various strategies, including substituting labor within the household, drawing upon savings or informal family support networks, turning to higher-risk strategies of taking out interest-bearing loans, removing children from school, and selling productive assets (Sauerborn et al., 1996) . The effect of these strategies on the welfare of households over time is currently not well understood. Another concern is that studies generally assess the average impact of health shocks at the population level without disaggregation (e.g., Gertler and Gruber, 2002) . Different types of households are likely to have different access to coping mechanisms. For example, poor households may have less savings and lower levels of social capital; single-parent or smaller-size households may have less ability to substitute labor within the household.
Using three waves of the Vietnam Household Living Standards Survey (VHLSS) and three health shock measures, we address the following key questions in this study:
Measurement errors may be systematic or random. Second, there is unobserved heterogeneity that affects both health and economic welfare. For instance, there may be unobserved factors that affect economic welfare and may be correlated with health (e.g., early childhood nutrition). Unobserved factors may be time-invariant or time-varying. Third, it is difficult to establish causality as there is likely two-way causation between health and economic welfare. Feedback effects from economic welfare to health may be positive (e.g., through the purchase of health inputs, including better nutrition and healthcare) or negative (e.g., through the purchase of assets such as motorbikes that lead to more injuries). Thus, health shocks are not strictly exogenous.
1 Different econometric specifications have been used to measure the impact of health on welfare. Earlier works use ordinary least squares (OLS) (Kochar, 1995) . However, they do not address the challenges outlined earlier with respect to a measurement error bias, an omitted variable bias, and reverse causality. To address reverse causality, some studies use a lagged specification where a health shock in the previous period affects the welfare in the current period (e.g., Wagstaff, 2007a) . While this may address reverse causality to some extent, it does not address an omitted variable bias or a measurement error. Other studies have used a first difference or fixed effects (FE) specification, which has the advantage of differencing out a systematic measurement error and time-invariant unobserved heterogeneity (Gertler and Gruber, 2002) . However, as pointed out by Strauss and Thomas (2008) , there may be a random measurement error or unobserved heterogeneity that varies over time, which is not addressed by first differencing and may be of particular concern for health measures.
2 Recently, Genoni (2012) used a first difference specification with instrumental variables (IVs) in an attempt to address a random measurement error in a study of mostly household-level outcomes, focusing on a few specific physical limitations as health measures.
Despite these econometric challenges, the literature on the impact of health shocks on consumption and income has been growing. Its results are mixed overall. Several studies have found that health shocks negatively affect household consumption and income (Dercon and Krishnan, 2000; Gertler and Gruber, 2002; Lindelow and Wagstaff, 2005; Wagstaff, 2007a; Somi et al., 2009; Wagstaff and Lindelow, 2014) , 3 whereas others have found no statistically significant effect (Townsend, 1994; Genoni, 2012; Islam and Maitra, 2012) . Effects have been found to vary across subgroups and health measures. Welfare effects of health shocks have been found to be more pronounced on the poor (Dercon and Krishnan, 2000) , urban areas (Wagstaff, 2007a) , and low-educated households (Genoni, 2012) . As for the differences in outcomes related to the health measures examined, Gertler and Gruber (2002) , for instance, find that households are able to fully insure health shocks as measured by illness symptoms but are unable to insure those measured by limitations in the ability to perform ADL. 4 Fewer studies have examined the coping mechanisms associated with health shocks in LMICs. In a qualitative study in Burkina Faso, Sauerborn et al. (1996) find that intra-household labor substitution is the main coping strategy after the onset of an illness, and yet, this did not eliminate production losses in the majority of households. Other studies have also inferred labor substitution within the household. For example, in Vietnam, Wagstaff (2007a) finds higher effects of a death on earned income in urban areas, which are attributed to households in rural areas being better able to adjust labor supply. Unearned income (gifts, remittances, and pensions) is found to partially offset losses in earned income in Vietnam and does so more in urban areas (Wagstaff, 2007a) .
To our knowledge, only three recently published studies using nationally representative data sets consider the mechanisms to cope with health shocks other than changes in household labor supply and unearned income in LMICs. First, Genoni (2012) studies the sale of 'liquid' assets (durables, financial wealth, and jewelry) and remittances from relatives in Indonesia. The author finds remittances cushion consumption, whereas asset sales are not responsive to health shocks. Second, still for Indonesia, Sparrow et al. (2013) find that borrowing and drawing on family network and savings/assets are the main coping strategies for the poor. Third, Islam and Maitra (2012) find that Bangladeshi households are able to insure consumption through the sale of livestock and access to microcredit.
With the exception of the work of Islam and Maitra (2012) , which adopts an IV strategy of eligibility to microfinance, the potential endogeneity of coping mechanisms is not addressed in the studies of coping mechanisms in health. It is possible that unobservable factors (e.g., social capital) that influence whether a household has access to transfers, credit, or other coping mechanisms are also correlated with measures of household welfare, leading to biased estimates of the impact of coping mechanisms on outcomes.
In the case of Vietnam, the recent evidence on the economic consequences of health shocks is limited. Nguyen et al., (2012) study the coping strategies used by residents of Dai Dong, a rural commune of Hanoi, and found that households were more likely to undertake loans or reduce food consumption to pay for medical treatments, especially among those who were classified as poor. A working paper by Wainwright and Newman (2011) uses data from rural Vietnam to assess a variety of shocks, including a health shock defined as any family member suffering an illness, an injury, or death. Their results suggest that households deplete their stock of total liquid assets in the event of exposure to shocks, including health shocks. It is unclear, however, what type of health shocks is captured with a broad self-report of whether 'any family member suffered from an illness, an injury, or death. ' Bales (2013) starts to deal with the economic consequences of health shocks using nationally representative data, but uses health measures with limited variation in the data (bedridden for 14 or more days, death of working-age adult) or with observations at only one point in time (functional limitations), which prevents the estimation of a FE model. This paper uses nationally representative data and a FE specification to measure the consequences of health shocks on a wide range of household economic welfare outcomes in Vietnam. The paper contributes to the understanding of the economic consequences of health shocks in LMICs in three ways. First, we use a broader array of welfare outcomes and coping mechanisms compared with earlier papers. Second, results are presented for the general population and specific subgroups to assess vulnerability for the different types of households. Third, our study period coincides with a period of expansion of the social protection and health insurance system in Vietnam; hence, the findings have implications for on-going reforms to the system.
Social protection in Vietnam
Transitioning from a centrally planned to a market-based economy, Vietnam has achieved high economic growth and a remarkable reduction in the rate of poverty over the past two decades. In 2010, the country crept into the lower middle-income country bracket with a per capita income of $1130. Rapid economic transformation and growth, however, have contributed to rising inequality in income and access to education, employment, and health service opportunities. Disparities have been recorded between rural and urban areas, the poor and the rich, ethnic minorities and the majority, men and women, people with and without disabilities, and regions (Pham and Reilly, 2007; Mont and Nguyen, 2011; Kang and Imai, 2012; Le and Booth, 2014). 5 Furthermore, while large numbers of households have moved out of poverty in recent years, many have not moved far above the poverty line and remain vulnerable to shocks in the macroeconomic policy environment, weather, and health (Baulch and Vu, 2010) .
To address these concerns, the government has over time built a system of social protection support for social beneficiary groups alongside a broader social health insurance system. Two key safety net programs include an unconditional cash transfer program and a non-contributory health insurance program for the poor and social beneficiary groups (e.g., ethnic minorities, orphans, persons with disabilities, and the elderly living alone) (Decree 67, 2007) . The remainder of the population is eligible for contributory health insurance through a compulsory or voluntary scheme.
Earlier work by Wagstaff (2007a Wagstaff ( ) uses 1993 Wagstaff ( -1998 data that absorbs the introduction of national compulsory and voluntary social health insurance schemes in 1992 and 1994, respectively. However, the health insurance system in Vietnam has undergone significant changes since 1998. 6 In 2003 and more substantially in 2006, the non-contributory social beneficiary health insurance scheme was extended under a new funding arrangement (known as the Health Care Fund for the Poor) to target households classified as poor, ethnic minorities in selected mountainous provinces, and households in especially socioeconomically disadvantaged communes. From 2005, children under the age of 6 years were added to the list of non-contributing groups. Over the 4-year period, 2002-2006, insurance coverage of the population increased from approximately 14% to 42% (Lieberman and Wagstaff, 2009 ). The list of reimbursable items under insurance has also grown steadily over time, and so has the monetary amount of public cash transfers.
While this study examines the impact of health shocks against a background of recent reforms to the social protection system, its aim is not to isolate the effects of particular policy reforms. Instead, it focuses on health shocks in the entire working-age population. The working-age population is not a target group for social protection purposes and yet is a group whose health status is intuitively most likely to affect the economic welfare of the household. In fact, large numbers of the informal work sector, including farmers and the self-employed, remain currently uninsured in Vietnam (Somanathan et al., 2013) . These near poor are also not eligible for public cash transfer supports unless they fall under a social beneficiary group category as defined in Decree 67 (2007).
DATA AND MEASURES
The data used in this study come from three waves of the VHLSS, a large-scale socioeconomic survey conducted in Vietnam. The three waves cover the years 2004, 2006, and 2008 The VHLSS has several types of health shock measures. It measures morbidity through self-reported symptoms such as nausea, fever, or coughing. We elect not to use morbidity measures because of concerns of systematic and random measurement errors. Respondents may interpret these symptoms differently, and their interpretation is influenced by, and in turn influences, healthcare use. As Strauss and Thomas (1998) note in the LMIC context, 'it is not unusual for the poorest to appear to be the most healthy by this metric!' (p. 791). The VHLSS also collects information on physical functioning through questions on difficulties in ADL, such as walking a specific distance or bending. ADLs are specific and less likely to suffer from a measurement error than morbidity (Dow et al., 1997) . However, physical functioning data are available only in the 2006 wave of the VHLSS and thus cannot be included in this study, which adopts a panel design. We elect to use a measure of 'days of regular activity lost because of illness/injury' and a measure of 'days in bed due to illness/injury'. These two measures may capture the person's level of functioning in the lived environment and may thus be the measures of disability as activity limitations and participation restrictions under the International Classification of Disability and Health (World Health Organization, 2001 ). They may also reflect ill health, in particular episodes of acute illness (e.g., malaria and flu).
Following Wagstaff (2007a Wagstaff ( , 2007b , we also include the hospitalization of a working-age household member in the previous 12 months as an indicator of a health shock. It is of interest to compare the results of this earlier study, which uses data from the 1990s. Wagstaff (2007a) also uses the death of a working-aged member. However, in this data set, the number of households experiencing the death of a working-age member was very low (53 over the three data waves). Furthermore, as Grimm (2010) notes, mortality shocks are distinct from health shocks on their impact on household welfare, because of the compensating effects of a reduction in the number of consumption units.
We use health shock status only for working-age members (15-60 years) as they are more likely to affect household welfare outcomes. It is important to note that these measures reflect time allocation decisions that can be influenced by the wage or other work-related factors (e.g., working conditions) and therefore are endogenous with employment. This is especially problematic for the study of individual labor market outcomes. Therefore, this study will not cover individual-level employment outcomes and instead will focus on household-level welfare outcomes.
We analyze a comprehensive range of economic welfare outcomes as dependent variables: household expenditure (total, food, non-food, education, and medical 7 ) and income (earned and unearned) outcomes. Unearned income is divided into private transfers, public transfers, asset sales, borrowings, and savings withdrawal to provide an analysis of coping mechanisms. Private transfers comprise domestic and international remittances and donations from charities. Public transfers include pensions, social welfare, and retirement allowances.
EMPIRICAL STRATEGY
As a theoretical framework underlying the analysis in this paper, we use an intertemporal consumption model with income uncertainty (e.g., Deaton, 1992) . It is assumed that households are risk-averse and maximize intertemporal expected utility defined in terms of consumption. In such a framework and if risk sharing or consumption smoothing is possible, idiosyncratic shocks on income, such as an illness or a disability, leading to hospitalization or an inability to work are smoothed out. However, if risk sharing and consumption smoothing are imperfect, transitory shocks on income will alter consumption. For instance, the injury of a household member could, via a possible effect on high medical expenditure, reduce the resources available for consumption. Households could cope with such a shock by selling assets, adjusting or withdrawing from savings, or undertaking credit. This paper estimates the reduced form relationships between health shocks, on the one hand, and household consumption and coping mechanisms, on the other. In this estimation, health shocks are not considered as exogenous.
As in the dynamic health production function of Grossman (1972) , current health status is a function of current and past health inputs, labor supply, and the environment. There are at least three sources of heterogeneity that may be correlated with health inputs and economic welfare outcomes: time-invariant, time-varying unobserved heterogeneity, and a measurement error in health and welfare.
While we mainly present the results of a FE model, we start with a pooled OLS specification as follows:
7 Medical expenditures include those associated with inpatient and outpatient contacts, non-prescription medication, and medical equipment.
where h indexes households, c communities, and t time periods; Y denotes the economic welfare outcome; H is the health shock variable; and β 1 is its coefficient. Following the conceptual framework outlined by Strauss and Thomas (1998) , we include a set of controls at the household-level X, which are relevant and the time-varying determinants of welfare: characteristics of the household (household size, shares of members under age 16 and over 60 years, share of male household members, living in a remote commune, 8 month of interview, and whether the household experienced a change in the household head) and characteristics of the household head (age, marital, and education status).
We also include a vector of controls Z, which are relevant and the time-invariant determinants of welfare: urban area, provincial region, and the gender and ethnicity of a household head. We include time and community FEs 9 and account for the changes in community-level labor markets by community-time interaction terms. Without community time interaction terms, the regression may yield biased estimates because of the possible correlation between the omitted or unobserved time-varying community characteristics and the error term. It also allows us to control for any aggregate or covariate risks faced by all individuals in the community, including price changes that are community-specific over time and community-level shocks. The terms u h,t and u h are household-specific error terms that account for time-varying and time-invariant unobservables for the household, respectively.
Given the availability of panel data, we considered using a random or FE model to attempt to address endogeneity. We conducted Haussman tests that strongly rejected the null hypothesis that random effects provide consistent estimates, 10 and thus adopted the household FE specification as our main specification as follows:
( 2) where ∝ h is a dummy variable, which takes the value 1 for household h and 0 otherwise. The FE captures the household time-invariant characteristics and thus avoids a bias that could result from different preferences and human capital endowments that affect health shocks and economic welfare. Compared with the pooled OLS in (1), time-invariant observables Z cancel out. Unobserved time-invariant household heterogeneity is swept out of the equation. The bias associated with specific household time-invariant effects that may be correlated with both economic welfare measures, on the left-hand side, and health shocks, on the right-hand side, is thus removed. Other variables are as those in (1) earlier. The longitudinal sample of the VHLSS does not include households that moved to other communities during 2002-2006; hence, community FEs are swept out of the FE specification. It should be noted that we tested the variance inflation factors of variables included in the models and deemed multicollinearity not to be a problem with all values below the rule of thumb of 5.
While the use of individual FEs will remove time-invariant heterogeneity and a systematic measurement error, combining FEs with IV may deal with time-varying heterogeneity and random measurement error. We tested a number of potential instruments for endogenous health variables including districtlevel prevalence of health shocks, as well as their interaction with the age and gender of the household 8 The classification of remote commute changes over time. 9 Community information is available at different levels of geographic aggregation: commune, district, province, and region levels. Cell sizes were sometimes too small to use commune or district fixed effects. Results presented in this paper are for province fixed effects. There are 64 provinces in Vietnam. 10 We conducted panel bootstrap Hausman tests that strongly rejected the null hypothesis that random effects provide consistent estimates (Wooldridge, 2002) . For example, for the robust Hausman test of the logged total consumption expenditures (non-health), outcome on a subset of key time-varying regressors is as follows: number of days unable to do regular activity of working-age household members; household size; proportion of household members under the age of 16 years; proportion of household members over the age of 60 years; proportion of male household members; and year dummies.
head. 11 As is sometimes the case in the literature (Grimm, 2010) , our instruments were weakly correlated with health shocks. 12 Finally, we investigate if results change across different population groups. Results are presented for the entire sample and by subsample: residential status (urban and rural), female-headed and male-headed households, ethnic minority households (all ethnicities other than Kinh and Chinese 13 ), and poor and non-poor households as calculated using the government expenditure-based poverty line.
RESULTS

Main results
Descriptive statistics of household expenditures, health shocks, and household characteristics for all households are presented for each wave in Table I . Appendix S1 shows the descriptive statistics for each subsample in 2008. Expenditures and earned income (expressed in real dongs) move upward over the study period with health expenditures increasing sharply in wave 3. Food expenditures constitute approximately 46% of the total expenditures for the entire sample (Table I ) and 59% for the poor and ethnic minority samples (Appendix S1). The mean number of days in which households were unable to carry out regular activities because of illness or injury is between 9.2 and 12 over the three waves. The mean number of days in bed ranges from 2.4 to 4.1. Table I also presents the descriptive statistics for socioeconomic and demographic characteristics of the household. The average size of the household reduces from 4.3 members in period 1 to 4.1 members in period 3. Table II reports the OLS and FE specifications of the effect of health shocks on household expenditures and income for the different health problem measures over the entire sample. It gives the coefficient of the health problem measure in the regression of different welfare outcomes. OLS results suggest that health shocks are associated with reduced non-health household expenditures (total, food, non-food, and education) and earned income and an increase in health expenditures. When FEs are used, the impact on non-health household expenditures lessens. The coefficients are small and not statistically significant for the total expenditures and non-food expenditures. For food expenditures, the coefficient is statistically significant (albeit small) for one health shock measure: days unable to carry out regular activities.
For education expenditures, the coefficient is negative, large, and statistically significant for two health measures (days in bed due to sickness and hospitalization). For example, hospitalization of a working-age member leads to a 26.4% reduction in education expenditures. With all measures, having a health shock leads to a large and significant increase in health expenditures: for instance, a 10% increase in the number of days unable to carry out regular activities because of illness/injury leads to a 4% increase in health expenditures. A significant reduction in earned income is observed for the days unable to carry out regular activities measure, but no significant effect is found for the other two health shock measures. Table III reports the results of the FE specification for the different subsamples and health measures. The results for health expenditures are overall similar for subsamples as for the entire sample, although it is notable that the coefficients of health shocks are smaller for female-headed households, ethnic minority, and poor households. Several results for subsamples are noteworthy. First, the coefficient of the health shock measure is often consistent in sign across the subsamples but is often not statistically significant in the subsamples, 11 Information on prices of medical services or food has been used in the literature (e.g., Genoni, 2012; Shultz and Tansel, 1997) but is not available in the Vietnam Household Living Standards Survey. 12 For example, the first stage F-statistic for the instrument natural log of average number of days unable to perform regular activities of a working-age member in the district was 1.23. Instruments for public transfers were similarly weak. When first stage F-statistics are small, two-stage least square estimates and CIs are unreliable (Staiger and Stock, 1997) . 13 There exist 54 ethnic groups in Vietnam. The Kinh Vietnamese account for 86% of the national population and display similar socioeconomic characteristics as the Chinese (Hoa). Thus, the two ethnic groups are often classified together as the ethnic majority (Kang and Imai, 2012) .
which could be because of the much smaller sample sizes for urban, female-headed, poor, ethnic minority households. Second, rural households are driving the negative and significant coefficient of the days unable to do regular activity measure for both food expenditures and earned income and of the days in bed and hospitalization coefficients for education expenditures. This is not surprising as the rural sample accounts for 78% of the total sample. Third, female-headed households, 14 which comprise 25% of the sample, are particularly affected by days unable to carry out regular activities, which are significantly correlated with lower non-food and total expenditures. The reduction in education expenditures in response to hospitalization is furthermore the greatest for female-headed households (significant at the 10% level).
Overall, in the entire sample and for most subsamples, households seem to be able to maintain total (non-health) expenditures despite increased health expenditures. The question then arises as to which mechanisms are used to protect total expenditures. Table IV presents descriptive statistics on the utilization of selective coping mechanisms. Descriptive statistics are provided for households with or without at least one working-age member with one or more days unable to carry out regular activities, and the difference between the two groups is tested for statistical significance. Households with health shocks are less likely to receive public pensions or allowances (one-time sickness or job allowance), but the difference is significant only at the 10% level. There is no statistical difference in the amount of public transfers received for households with and without health shocks. Households with health shocks receive significantly lower private transfers than those without a health shock, particularly international remittances, although a large majority of households receive private transfers irrespective of the health status of household members.
Households with a health shock are significantly more likely to have loans in total or by specific source (loans from banks, friends/relatives, or other sources) but borrow less in amount. In both cases, formal loans from banks or credit organizations are most common. Households with a health shock are significantly more likely to have sold productive assets: the share of households who sold productive assets is almost twice as high among households with a health problem compared with others (8.6% vs. 4.8%). Finally, households with a health shock are as likely to have made withdrawals from savings in the past year as those without a health shock yet withdrew less.
Overall, these statistics suggest that public and private transfers and withdrawals from savings do not appear to be used by households with a health shock as coping mechanisms, while loans and sale of assets might be. Coping mechanism amounts are further investigated in Table V with the FE specification. For public transfers, we find a positive coefficient, but it is not statistically different from zero for two out of the three health shock measures. However, this result changed in the rural and urban subsamples. For private transfers, health measures were largely insignificant. As for loans, a large and significant positive coefficient is found for the hospitalization measure. The coefficient is lower and only significant at 10% level for the other two health measures. For asset sale income, the coefficient is positive and significant for two out of the three health measures (regular activity and hospitalization) for the entire sample and for male-headed and non-poor households in particular. 15 Finally, with respect to savings withdrawal, a significant result was found for rural households for two measures (regular activity and in bed measures) and for poor households for one measure (regular activity measure). As in Table III , the coefficient of the health shock measure is often not statistically significant in the subsamples, perhaps because of smaller sample sizes, but the sign is mostly consistent across subsamples. One exception is regarding public transfers. A positive coefficient is found for all subsamples 16 except urban households, where the coefficient is negative for all three health measures.
Robustness checks
Our results are robust to attrition. Attrition can be a problem if observable or unobservable factors that result in attrition are correlated with the error term in the specification of interest (Fitzgerald et al., 1998) . Attrition in the VHLSS panel over the three waves is 22%: 11% between waves 1 and 2 and 12% between waves 2 and 3. None of the health measures under study were significantly correlated with the probability of attrition.
17 Results 14 Female-headed households are households with a woman reported as head. These female heads include widows (46%), spouses of migrant workers (41%), divorced or separated (7%), and never-married women (5%). 15 It is unclear why the coefficient is negative for women, but this is the case only for the hospitalization measure. 16 For rural households, the coefficient is positive and significant, albeit at 10% level only for the days in bed measure. 17 We also checked for each wave that the weighted means for the panel sample, the non-panel sample, and the cross-sectional sample (which is nationally representative) are overall similar for the dependent and independent variables.
on the determinants of sample attrition are presented in Appendix S2. We also did the analysis using only two waves of data (2004-2006 and 2006-2008) and thus with less attrition and a larger sample size. The main results on consumption smoothing and coping mechanisms were robust. However, the negative impact of health HH, household. Amounts are in real dong and recalled for a 12-month period. Mean amount received is only among households who received transfer and loan, sold assets, or withdrew savings. Health shock refers to being unable to carry out regular activities because of illness/injury for 1 day or more in the past year. All estimates are weighted.
a Individual creditors, employment support fund, and others. ***Significance at 1% level; **Significance at 5% level; *Significance of the difference at 10% level. shocks on non-health expenditures for female-headed households was not significant for the 2004-2006 or 2006-2008 samples. The finding on the reduction in education expenditures could be due to health shocks experienced by children in the household and perhaps correlated with those experienced by working-age adults. As a robustness check, we added as a control a variable in equation 2 to indicate that at least one child in the household had a health shock. The coefficient of the health shock status for working-age members of the household remained negative and statistically significant, indicating that the reduction in education expenditures is not driven by health shocks among children.
Finally, although this paper is not aimed at analyzing the effects of health insurance programs and model (2) does not address the endogeneity of health insurance, we repeated the analysis by adding health insurance status as a time-varying control variable. Results are presented in Appendices S3 and S4 and are overall very similar to those in Tables III and V, respectively. In particular, results in Appendix S3 on the log of household expenditures and income are very similar to those in Table II , except for the hospitalization measure where the coefficient is higher in absolute value in the education expenditures specification.
DISCUSSION
This paper offers several important findings with implications for future research and policy. Using the three measures of health shocks with three waves of national living standards survey data in Vietnam, we find that households face a significant rise in health expenditures when they experience a health shock. Results on earned income are mixed: earned income is reduced because of a limitation in regular activity measure but not for the other two health shock measures. These results on health expenditures and income are consistent with those in an earlier study in Vietnam (Wagstaff, 2007a) . However, our results differ from this earlier study in one important respect. Using 1993-1998 data for Vietnam, Wagstaff (2007a) finds that households are unable to insure consumption against several health measures, including a hospitalization measure as used in this paper. In contrast, we find that households are able to maintain total non-health expenditures, except for female-headed and rural households. This suggests that the impact of health shocks on non-health expenditures in Vietnam is lesser than it was in the 1990s.
The contribution of our paper is that we explore possible explanations through the responsiveness of a wide range of coping mechanisms to the health problems of working-age members. The primary means through which households insure consumption is increasing loans and the sale of assets, followed by a reduction in education expenditures. The results on loans and the sale of assets are consistent with other studies (Nguyen et al., 2012) , while the reduction in education expenditures is, to our knowledge, a new finding in this literature.
Overall, our results support the case made by Chetty and Looney (2006) that smooth consumption is not an adequate indicator for the need for social insurance as households may adopt coping strategies that make them more vulnerable. The bulk of loans in Vietnam are sourced from banks and formal credit organizations. Interest-bearing loans pose a threat of poverty and reduce the ability of households to cope with future shocks. The majority of assets sold were productive assets, comprising the future ability of households to generate a livelihood and manage risk. Cutting education expenditures may have long-term and intergenerational effects on human capital formation for the household, as the welfare returns to investment in human capital in LMICs are high (Patrinos and Psacharopoulos, 2010) . Our results overall also support the finding that health shocks contribute to households descending into poverty (Krishna, 2010) .
In addition, this result is consistent with the broader literature on the two-way causal links between health and education and the intergenerational transmission of low human capital and educational gradients in health. Our result points to one possible intergenerational channel, whereby health may influence education: the health shocks of working-age adults. It is also consistent with a recent study of basic health insurance in rural China, where health insurance was found to have an effect on school enrollment for children (Chen and Jin, 2010) .
Public and private transfers, by and large, were found to be unresponsive to health shocks. Limited reliability on public transfers seems to be consistent with the result by Van-den-Berg and Nguyen (2011) that public transfers' impact on poverty and inequality in the early 2000s was low, because of low coverage of the poor and relatively low amounts transferred to the poor. In our sample, approximately 10% of households were classified by local authorities as poor and therefore entitled to monthly income support. This compares with our calculated rate of 19% using the government expenditure-based poverty line.
The expansion of social health insurance has been a major policy undertaking in Vietnam. To date, approximately 60% of the population is covered by insurance. While evaluating the impact of health insurance was beyond the scope of this paper, our results remained little changed when controlling for insurance. One explanation is that over half of rural households, who made up the bulk of the sample, had working-age members that were uninsured (51%).
18 Following Wagstaff (2007a), we also extended our analysis to assess the differences in health spending by health insurance status. Like this earlier paper, we find that the effect of a health shock of a working member on medical spending is larger for the uninsured than the insured across all samples.
These results suggest that more has to be carried out to expand and deepen health insurance coverage, particularly in rural areas. Rural households are most unable to shield earned income and consumption expenditures in the face of health shocks and are most prone to draw upon a wider range of coping mechanisms, including public transfers and welfare-detrimental strategies such as reduction in education expenditures and the uptake of loans, followed by the sale of assets and, to a lesser extent, withdrawal of saving. Health shocks tend to trigger asset sales and loans more than public transfers in rural areas. We did find that public transfers were responsive to health shocks in rural areas, which may be explained by the expansion of the unconditional cash transfer program for the poor and social beneficiary groups who live in higher proportion in rural areas (Decree 67, 2007) .
The expansion of income support to the working near poor in rural areas is put forward as a consideration for policymakers. Income support can provide an important buffer to non-health consumption expenditures while also contributing to ongoing private health-related expenditures, such as those relating to medication and rehabilitation, which are not covered by formal health insurance (Hoang et al., 2015) .
For poor households, we find that they are able to shield their welfare from health shock without undertaking loans or selling productive assets. This result is contrary to the study in Dai Dong province, Vietnam (Nguyen et al., 2012) . Our result holds true for ethnic minority households and may be attributed to targeted social health insurance and public programs for these groups. The health insurance program targeted at the poor (Health Care Fund for the Poor) has been subject to a number of evaluations, which suggest that the program led to reduced out of pocket medical expenditures (Wagstaff, 2007b (Wagstaff, , 2010 Axelson et al., 2009) . The result may also reflect low levels of asset ownership, which may serve as collateral for loans. Indeed, non-poor households were more likely to sell assets in the event of a health shock. By one health measure (regular activity), poor households withdraw savings and reduced education expenditures (significant at the 10% level only), which suggests further that these households had fewer coping mechanisms available to them.
For women-headed households, this study has a new and worrisome finding. We find a significant drop in the total non-health expenditures following the health shock of a working-age member. We furthermore find the largest uptake of loans and a reduction in education expenditures following the hospitalization of a working member. Female-headed households are smaller in size than their male counterparts (3.8 versus 4.5 members, respectively), which suggests that they are less able to substitute labor within the household. Furthermore, our results on private transfers suggest that they have lower levels of social capital. Overall, the findings paint a precarious picture for the welfare of these households following a health shock, in both the short term and the longer term. They suggest further that female-headed households be included as among the legislated social beneficiary groups in Vietnam.
Our results are consistent with a study of 15 LMICs that finds, in most countries, similar non-health expenditures across disability status and yet, households with disabilities are more likely to experience high health expenditures and multidimensional poverty (Mitra et al., 2013) . In other Asian countries, health shocks have also been shown to significantly increase health expenditures. However, unlike the results in this paper, effects were larger on income than on health expenditures (Gertler and Gruber, 2002) . Our result on the ability to insure non-health expenditures through the use of assorted household coping mechanisms is consistent with the findings from Indonesia (Genoni, 2012; Sparrow et al., 2013) and Bangladesh (Islam and Maitra, 2012) . Heterogeneity in the ability to insure consumption across population groups is consistent with the results of Sparrow et al. (2013) for the poor in Indonesia.
The experience of Vietnam suggests that it is critical to extend social health insurance to the rural near-poor population in order to mitigate the welfare risks associated with idiosyncratic health shocks. In spite of significant state subsidies, the uptake of voluntary insurance among the working near poor has been slow. Out-of-pocket payments furthermore are significant for the insured in Vietnam, and the country experiences among the highest rates of catastrophic health spending in the world with out-of-pocket payments representing the dominant source of healthcare financing (Xu et al., 2003) . In the pursuit of universal health coverage, it is thus equally important to ensure that sufficient financial protection is provided from the costs of care. Third, the ability of households to cope in the event of a health shock to a working-age member is not homogenous across the population. There exists some evidence in the case of Vietnam that targeted social health insurance programs may provide some relief. As a complement to social health insurance, there exists a potentially important role for public transfers to act as a buffer for consumption and private healthcare expenditures. Access to low-interest loans and microcredit may furthermore help alleviate vulnerability to health problems as found in other LMICs settings (Islam and Maitra, 2012 ). This paper points toward possible avenues for further research. We find that results vary to some extent across different health shock measures. For the entire sample, several results hold for all three measures: the absence of a significant change in the total non-health expenditures and non-food expenditures, income from private transfers and savings withdrawals, and the significant increase in health expenditures and income from loans. The other main results hold for two measures: the reduction in education expenditures, the increase in income from asset sales and the lack of a significant effect on income from public transfers. This confirms the importance of including multiple health measures in surveys. Unfortunately, many surveys continue to use health measures that are problematic for the study of the socioeconomic determinants or consequences of health shocks, such as diagnosis data. Furthermore, data on mental health and on a broad range of functionings, as recently advised by Washington Group on Disability Statistics, are very rare (Madans et al., 2010) .
In addition, as noted earlier, the coping mechanisms used by households to mitigate the impact of health shocks on household welfare may be of concern. Households that cope with health shocks through savings, borrowing, or the sale of assets may not experience significant economic losses in the short term compared with those without access to these mechanisms. However, the medium-and long-term impacts on welfare and human capital may be significant because of reduced investment capital, high-interest repayments, and loss of productive capacity. Many studies are limited by short-term or retrospective survey data. For example, Gertler and Gruber (2002) and Wagstaff (2007a) use two waves of panel data; Wagstaff and Lindelow (2014) and Heltberg and Lund (2009) use retrospective modules that are subject to recall bias (Ravallion, 2014) . Further research is needed on the medium-term and long-term consequences of health shocks.
Of course, the analysis earlier is not without limitations. A major limitation of the analysis in this paper is that no IV could be used; hence, results may be biased because of random measurement error and unobserved time-varying heterogeneity. Another limitation lies in the limited set of health measures that are available in the data under use. We also returned some slightly unusual results, such as the negative coefficient on public transfers in the urban subsample, which likely reflects estimation difficulties associated with small sample size. The relatively small size of the panel sample over three waves of data presents a limitation for the analysis of smaller subsamples.
CONCLUSION
According to our results, as Vietnam was experiencing increasing incomes that led to its middle-income country status in 2010 and expanding its social protection system, health shocks in the working-age population had far-reaching economic consequences for Vietnamese households over the period [2004] [2005] [2006] [2007] [2008] . While households managed to smooth non-health consumption, they had to cope with increased health expenditures with no significant reliance on public/private transfers, especially in rural areas. Households adopted a number of vulnerability-enhancing coping mechanisms including cutting education expenditures, taking on loans, and selling assets. Public transfers, including cash transfers and pensions, should be further expanded and deepened in coverage as few households use public transfers as coping mechanisms. Our results also strongly support efforts to expand access to social health insurance and reduce the costs of education to households.
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